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Probe low energy d.o.f. of QCD

Motivation

Exotics (JPC = 1 - +, 2 + -, ...)?    – can’t just be a       pair

e.g. hybrids, multi-mesons

Photoproduction at GlueX/CLAS12
– systematic study of light mesons, particular interest in exotics

Upcoming experimental efforts in light meson sector (and charmonium)

GlueX and CLAS12 (JLab), BESIII, PANDA, ...

Quark-antiquark pair:

Parity: P = (-1)(L+1)

Charge Conj Sym: C = (-1)(L+S)

JPC = 0- + , 0+ + , 1- - , 1+ + , 1+ - , 2- - , 2+ + , 2- +, …
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Isoscalars

ms = mu = md [SU(3) sym]
– eigenstates are octet, singlet  

ms ≠ mu = md – physical states are a mixture

‘Ideal mixing’ 

Experimentally , (1--) and f2(1270), f2’(1525) (2++) – close to ‘ideal’

, ’ (0-+) – closer to octet-singlet

In general Can also mix 
with glueballs

Isoscalars (I = 0) e.g. , ’, , Probe annihilation dynamics in QCD
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Variational Method
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Large basis of operators matrix of correlators

generalised 
eigenvector problem

Eigenvalues  energies

Z(n) related to eigenvectors

(t >> t0)

Var. method uses orthog of eigenvectors; don’t just rely on separating energies

Here up to 3 derivs 
with p = 0

definite JPC
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Isoscalars in LQCD

Disconnected diagrams
q

q

q

q

q

q

Use variational method with large basis of operators

Basis doubled in size c.f. isovectors:

No glueball ops for now

Difficulties with traditional methods
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Isoscalars in LQCD

Use distillation

Number of inversions Nvecs instead of (Ncolours x Ls
3) Use GPUs 

Project onto definite mom. at source and sink

Efficient computations with large basis of operators

Nt=32, Lt=128Increase stats. by averaging

Anisotropic Clover (as/at = 3.5), as 0.12 fm; 163 (2.0 fm)

Nf = 2+1, M 400 MeV  Nvecs = 64 479 cfgs

Lattice details in: 
PR D78 054501, 
PR D79 034502

PR D80, 054506
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Correlators
PR D83, 111502 (2011)
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Isoscalars

163 (Ls 2.0 fm)

First light isoscalar 
exotics in LQCD
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Isoscalars

163 (Ls 2.0 fm)

First light isoscalar 
exotics in LQCD

Most close to ideally mixed But - ’  = 42(1) , f1 – f1’  = 31(2) , 1-+ exotics

PR D82, 034508 (2010)

Morningstar and Peardon PR D60, 034509 (1999)- mass splitting = 21(5) MeV

PR D83, 111502 (2011)
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• Extensive isoscalar meson spectrum

• Exotics and non-exotic hybrids, high spin, excited states

• Carefully constructed ops – spin-identification

• Mixing angles   

• Using distillation, high stats, large operator basis, GPUs 

Summary

• Include glueball operators

• A1
++ (0++) channel

• Multi-meson operators – resonances and scattering

• Lighter pion masses, larger volumes, ...

Outlook
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Prin. Corr. Meff

t = 3

PR D83, 111502 (2011)
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Mixing Angle
PR D83, 111502 (2011)
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